Summary
In With recent aging of the society, the prevention of osteoporosis and main tenance and promotion of bone health during adolescence are very important problems for the coming 21st century. In particular, of most importance is how to spend the period until peak bone mass, that is appropriate self management for bone health. From the aspects of preventive medicine and education, enlightenment activities and guidance on bone health are indispensable during adolescence, which is an important period of both physical and bone growth.
Therefore, we evaluated the effects of physical activities and dietary habits on bone mineral density (BMD) in healthy junior high school girls. 
RESULTS

Subjects
The physical characteristics of the subjects in each age group and the standard values for Japanese are shown in Table 1 . Body height was significantly higher in the 14-year-old and 15-year-old groups than in the 12-year-old group (p<0.05 each). Body weight was significantly higher in the 13-year-old, 14-year-old and 15-year-old groups than in the 12-year-old group (p<0.05, p<0.01 and p<0.01, respectively). These differences indicated increases in physique with age. Body height and body weight in the subjects according to age group were compared with the standard values for Japanese (2) in Fig. 1 . Body height in each age group was higher than the standard values for Japanese; the 13-year-old group showing a significantly higher value (p<0.05). Body weight in each age group was lower than Japanese. Body height in the 13-year-old group was significantly higher than the standard value for Japanese (*p<0 .05). Body weights in the 14-year-old and 15-year-old groups were significantly lower than the standard values for Japanese (**p<0.01 and ***p<0.001, respectively).
the standard values for Japanese; the 14- 3 d is shown in Table 2 . In each age group, the intake of energy, Ca and iron were lower than the daily dietary allowances in Japan (4) (energy, 2,250-2,300 kcal; Ca, 700mg; iron, 12mg), and their mean sufficiency rates were 84.8, 85.6 and 76.9%, respectively. In particular, energy intake was significantly lower in the 15-year-old group than in the 13-year-old group (p<0.05).
Dietary habits and bone mineral density Concerning dietary habits, the ingestion frequency of Ca-rich foods was investigated. The nutritional state and BMD were compared among ingestion frequencies. As shown in Table 3 , the ingestion frequency of Ca-rich foods was expressed as scores. The total points in 6 foods (Ca Point) was calculated and evaluated.
BMD values according to Ca Points were compared (Fig. 4) . Though no
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In particular, only the group showing a Ca Point of 19 or more fulfilled the Ca allowance (700 mg). No significant differences were observed in age or physique among the ingestion frequency groups, not shown in the table.
BMD -associated factors To clarify BMD-associated factors, the correlation between BMD and various factors (physique, nutrient intake state, food ingestion frequency, exercise habits, and years after menarche, not shown in the table) was analyzed by single regression analysis. Table 4 -1 shows factors significantly correlated with BMD (p<0.1). BMD was positively correlated with milk ingestion frequency and years after menarche in addition to age and physical characteristics (body height, body weight, and body Stepwise forward regression analysis was performed using the factors that were shown by single regression analysis to be significantly correlated with BMD (Table  4 -2) as independent variables and BMD as a dependent variable. As a result, relative BMD value (%), age and milk ingestion frequency were selected, and their con tribution rate to BMD was R2=0.9962. Among the variables selected as factors that can explain 99.6% of the variance of BMD, milk ingestion frequency was noted, and the nutritional state according to this frequency was evaluated. As shown in Table 5 , Ca intake increased with milk intake per day. The group who drank 2 bottles of milk (a bottle of milk=200mL) achieved the daily Ca allowance for adolescent girls (700mg). Most other nutrients resulted similar to those of Ca: nutrient intake increased with milk intake per d, and the groups that drank 1 bottle of milk or more showed significantly higher nutrient intake than the group who drank little milk, not shown in the table.
DISCUSSION
The amount of bone begins to increase during childhood and markedly in creases between 10 and 15y of age when physical growth is marked. Adolescent girls acquire BMD in only 3 mo, which is lost during a 1-y period in postmen opausal females. The peak of the BMD increase rate was reported to be observed at about l2y of age when menarche often occurs (5). Conventionally, lumbar spine BMD was considered to reach peak bone mass (PBM) between 20 and 40y of age. However, recent studies in Japan and other countries (6) (7) (8) showed that PBM is reached at the age of 17-18y. For the prevention of osteoporosis, it is of primary importance to increase BMD to the maximum during the bone growth period. Thus, adolescence showing marked bone formation is the most important period for maintenance and promotion of health in terms of bone. Therefore, we evaluated factors affecting BMD in adolescent girls. Cortical bone (11) accounts for more than 90% of the metacarpal bone as the site of BMD measurement by the DIP method. Compared with cancellous bone, cortical bone reaches PBM late. A cross-sectional study by Matsuoka et al (12) showed that PBM of the metacarpal BMD is reached after the age of 20y. Therefore , at the age of 10-19y, BMD increases with age and the growth curve . In this study, BMD also increased with age as shown in Fig. 2 . However, interesting results were obtained as shown in Fig. 3 . The relative BMD value according to age , ex pressed as a percentage, decreased with age; regarding to the standard BMD value for Japanese according to age as 0%. In particular, the relative value of the 15-year-old group was the lowest ( 7.3%), significantly different from the relative values of the 12-year-old, 13-year-old and 14-year-old groups. In our subjects , the body height of each age group was slightly higher than the standard values for Japanese, while the body weight of each age group was lower than the standard values for Japanese. The body weights of the 14-year-old and 15-year-old groups were significantly lower (p<0.01 and p<0.001, respectively). This low body weight appears to be closely associated to the decrease in relative BMD value with age in our subjects. The marked correlation between BMD and weight is well known. Concerning BMD during adolescence, Cooper et al (9) suggested that the growth state during childhood is an important factor determining PBM. Ruiz et al (10) reported weight and sexual maturity as main factors determining BMD during childhood and adolescence. Bone age is a parameter of developmental age useful for evaluating physical maturity stages in children (13) . However, Matsuoka (14) reported that BMD showing an acute increase during adolescence is better correlated with bone age than chronological age. In this study, the correlation coefficient of BMD with bone age was lower in the 14-year-old and 15-year-old groups than in the 12-year-old and 13-year-old groups. This may be closely associated with body weight. Thus, the lower relative BMD value in the 14-year-old and 15-year-old groups in this study appears to be partly due to their physical characteristics, especially body weight. These results suggest that educational guidance is necessary for improvement of physique such as maintenance of appropriate body weight.
Nutrition is important to improve physique and maintain and promote health in terms of bone. In the subjects in this study, the intake of major nutrients such as energy, protein, Ca and iron was below the recommended daily allowance in all age groups. This tendency was more marked in the higher age groups. In recent years, young people tend to go on a reducing diet to acquire a slim body. A high rate of reducing diet experience was reported for children of the higher grades of elementary school (15) . We previously surveyed the effects of physical characteristics and diet on BMD in young females (16) and observed a significantly lower BMD in females with low body weight than in those with high body weight. In the females with low body weight, the intake of energy and protein as well as Ca was low , and the intake of vegetables was markedly high. The insufficient intake of major nutrients due to an imbalance in diet appears to be a cause of low BMD. Not only adequate Ca intake, but also a balanced diet including appropriate energy intake is necessary for bone health.
Ca is an important nutrient involved in bone growth. In this study, the nutritional state and BMD were evaluated according to the frequency of Ca-rich food ingestion (Ca Point). The nutritional state was better, and the relative BMD value (%) was higher with a higher Ca Point. We previously reported that the frequency of Ca-rich food ingestion well reflects the actual nutritional state and is its reliable parameter, and is significantly correlated with BMD in males (I7). In this study, similar results were obtained. The nutritional balance was better with a higher Ca Point, which may affect BMD. There have been many studies on Ca intake and BMD. Lloyd et al (18) reported an increase in BMD after adding Ca (500mg) to daily ingestion in adolescent girls. Warren et al (19) compared BMD between two populations of Chinese children living in different areas. Body height, body weight and bone mineral contents were significantly higher in the Chinese children with a high Ca intake than in those with a low Ca intake. Moreover, protein and energy intake showed similar results, suggesting the importance of these intake in addition to Ca during adolescence. Milk and dairy products are the most excellent foods due to not only high Ca contents but also high absorption rates (20) . Ann et al (21) investigated the association between milk ingestion habits and BMD or weight in children, and reported a slightly higher BMD and weight for children who drink milk every day than those who do not. Murphy et al (22) found a higher BMD in females aged 40-49y who had had a higher milk intake until the age of 20y. There was a similar study on the association between BMD and the previous milk ingestion habits of post-menopausal females (23) . The presence or absence of milk ingestion habits during childhood and youth was associated with the maintenance of a high level BMD at and after middle age, and the present Ca intake was higher in those subjects with a previous milk ingestion habit. In this study, stepwise forward regression analysis revealed the milk ingestion frequency in addition to age as a factor affecting BMD, suggesting the importance of milk ingestion from childhood for maintaining bone health. During adolescence, ingestion of at least two bottles of milk appears to be necessary for achieving the recommended daily Ca allowance (700mg).
For the promotion of health education in terms of bone during adolescence, enlightenment activities and health guidance should be performed giving importance to appropriate physique and a balanced diet including milk ingestion. In adolescent people, individual differences in physical growth are marked. Therefore, concrete health education appropriate for each person, considering the degree of maturity by individual growth curves, may be important.
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